Background {#Sec1}
==========

Paediatric intensive care units (PICUs) were centralised in the United Kingdom (UK) in the 1990s, following international evidence and expert opinion that suggested improved risk-adjusted outcomes for critically ill children associated with centralisation of intensive care services \[[@CR1]--[@CR4]\]. As sick children may initially present with acute illness or injury to hospitals without a PICU, specialist Paediatric Critical Care Transport teams (PCCTs) were established as 'mobile' intensive care units to stabilise and safely transport them \[[@CR5]\]. Currently, 25 PICUs and 10 PCCTs exist in England and Wales, covering a child population of 12 million, with approximately 16,000 PICU annual admissions \[[@CR6]\], of which one-third to one-half are transported \[[@CR6], [@CR7]\]. Use of PCCTs for inter-hospital transport of critically ill children, rather than non-specialist teams, is associated with improved survival and there is no suggestion that travelling further is associated with poorer outcomes \[[@CR7]--[@CR9]\].

The population and geography served by each PCCT, as well as the varied workload of the team, means that median time to reach a sick child's bedside (time-to-bedside) from acceptance of a referral in England and Wales varies between 50 and 140 min \[[@CR6]\]. These teams initiate any critical care interventions such as invasive ventilation, insertion of chest drains and vasoactive drug infusions not already provided.

National quality standards from the UK Paediatric Intensive Care Society (PICS) state that PCCTs should reach the child's bedside within three hours of agreeing that the child requires intensive care \[[@CR10]\]. The National Health Service (NHS) England quality dashboard reports how frequently teams depart their base within 30 min of accepting a child for transport \[[@CR11]\]. Similar targets have been adopted as quality metrics in international benchmarking initiatives \[[@CR12], [@CR13]\]. However, since acute hospitals may have initiated critical care interventions before the arrival of the PCCT, timely arrival of a PCCT may not be the main determinant of outcome. Centralisation of routine paediatric surgery and anaesthesia has led to increasing unfamiliarity of adult anaesthetic and intensive care teams with stabilisation of children \[[@CR14]\], so more ambitious time standards for PCCTs may lead to further improvement in patient outcomes.

The DEPICT Study (Differences in access to Emergency Paediatric Intensive Care and care during Transport) is a national mixed-methods study investigating how differences in the timeliness of access to a PCCT and aspects of care provided by PCCTs during transport to PICU affect outcomes and experience for critically ill children and their families \[[@CR15]\]. In this paper, we present the results of the primary statistical analysis of a large, high-quality linked dataset examining the impact of time-to-bedside on 30-day mortality (primary outcome) and other clinically relevant secondary outcomes.

Methods {#Sec2}
=======

Study population {#Sec3}
----------------

The DEPICT cohort comprised all emergency (non-elective) transports of children under 16 years old undertaken by a PCCT and admitted to an NHS PICU in England and Wales between 1 January 2014 and 31 December 2016.

Outcomes {#Sec4}
--------

The primary outcome was mortality within 30 days of PICU admission. Secondary outcomes related to mortality were: death on the PICU, death within two days of admission, 90 days and one year of admission to PICU. Secondary outcomes related to healthcare resource use were length of PICU stay (LOS) and length of invasive ventilation (LOV) on the PICU.

Data sources {#Sec5}
------------

Information about children transported by a PCCT to PICU were extracted from the Paediatric Intensive Care Audit Network (PICANet, <https://www.picanet.org.uk/>) which collects data related to the referral, transport and admission of every child requiring admission to a PICU. Transports undertaken by neonatal transport teams were not considered. Data entry into PICANet within three months of the child's discharge is recommended by PICS \[[@CR10]\] and data completeness, including for NHS number which was used for the linkage, is around 99% \[[@CR6]\]. PICANet uses a bespoke web-based data entry system supplemented by validation visits to ensure data are accurately entered from medical notes.

Information about admissions to a general (adult) intensive care unit (GICU) prior to transport to a PICU was provided by the Intensive Care National Audit and Research Centre (ICNARC) and linked to PICANet data using personally identifiable data by NHS Digital (<https://digital.nhs.uk/>). Mortality outcomes were provided from Office for National Statistics. Further details about the data flow and linkage can be found in the DEPICT Study protocol \[[@CR15]\].

Inclusion and exclusion criteria {#Sec6}
--------------------------------

Children were included if it was possible to link their PICANet transport record to the corresponding PICU admission. Children with missing referral data were excluded. If a child was transported multiple times during DEPICT we only included their final transport. Children were also excluded if there was missing information about ventilation status at referral, or if it was not possible to calculate time-to-bedside. Time-to-bedside is the difference between the time it was agreed that the child required transport to PICU and the time the team arrived at the child's bedside. For the secondary outcomes of LOS and LOV exclusions were made if there was missing data.

Statistical analysis {#Sec7}
--------------------

A statistical analysis plan was finalised prior to any analysis \[[@CR15]\]. Summary statistics were reported as counts/percentages for categorical variables or median/range or mean/standard deviation for continuous variables. To investigate the impact of time-to-bedside on mortality, logistic regression models with clustered standard errors for the PCCT were fitted. Key confounders were selected a priori via discussion with the clinical members of the Study Management Group \[[@CR15]\] and were: age of the child; Paediatric Index Mortality 2 score (PIM2) \[[@CR16]\]; clinical diagnosis (based on PICANet diagnostic groups \[[@CR6]\]); ventilation status at referral (yes/no not indicated/no advised to intubate); number of transport requests from the collection hospital during the study (categorised as \< 50 requests;50 to \< 100 requests;100+ requests) and whether the child was receiving critical care around the time of the transport request (collected from intensive care or receiving care in a GICU in the two days preceding transport, yes/no). Variables were included regardless of whether there was an association with mortality. Time-to-bedside was categorised as: ≤60 min; 61 to 90 min; 91 to 120 min; 121 to 180 min and 181+ minutes. Odds ratios and 95% confidence intervals were estimated alongside the (adjusted) probability of mortality by time-to-bedside. The Directed Acyclic Graph (DAG) is available via DAGgity (<http://www.dagitty.net/>) at: [dagitty.net/mbDnLfo](http://dagitty.net/mbDnLfo).

Clinical subgroups of children were selected a priori for investigation: cardiac/neurological conditions; low/high PIM2 score (low: PIM2 ≤ 0.10 and high: PIM2 \> 0.10) and transport in summer/winter (summer: June/July/August, winter: December/January/February).

The performance of the model in the primary analysis was assessed using the Area Under the Curve (AUC) \[[@CR17]\]; Hosmer Lemeshow test \[[@CR18]\] and Briers Score \[[@CR19]\]. Sensitivity analyses were performed to investigate the impact of using the final transport for children transported multiple times. The analysis was also repeated identifying those children who were transported multiple times in the study time window. Finally, the impact of missing data was investigated by re-fitting the model with different scenarios for the missing data.

Logistic models were also fitted with secondary mortality endpoints of: death on PICU; death within two days; death within 90 days and death within a year following PICU admission.

PICU LOS was calculated as the discharge date minus the admission date plus one. PICU LOV was the total days when a child received invasive ventilation for any part of the day. The outcomes of LOS and LOV were highly skewed (most children had a short LOS/LOV) and therefore negative binomial models were used with the same adjustments as the primary analysis. The expected (adjusted) LOS and LOV were estimated and presented graphically by time-to-bedside, alongside incidence rate ratios.

*P*-values are not reported in line with the DEPICT Study protocol, and emphasis is on trends and clinical significance \[[@CR15]\].

Ethical approval {#Sec8}
----------------

DEPICT has ethical approval from the Health Research Authority, the National Research Ethics Service (London Riverside, reference: 17/LO/1267) and the Confidentiality Advisory Group (reference: \[[@CR17]\] CAG0129).

Results {#Sec9}
=======

Study population {#Sec10}
----------------

There were 10,987 emergency transports by a PCCT of children aged under 16 years with a linked admission record to a PICU during the study (Fig. [1](#Fig1){ref-type="fig"}). Linkage between PICANet transport and admission records was very high (\~ 97%). Transports not linked with a corresponding referral event were excluded (*n* = 471, 4.3%) leaving 10,516 transports. For children with multiple transports we used the latest transport, providing 9438 transported children. Children whose ventilation status at the time of referral was missing (*n* = 272) and those with missing or implausible data (defined as \> 24 h) for the time-to-bedside (*n* = 50) were excluded, leaving 9116 children in the primary analysis. Fig. 1Flow chart for the primary analysis

Summary statistics are provided in Table [1](#Tab1){ref-type="table"} and separated into time-to-bedside: ≤60 min; 61 to 180 min or 181+ minutes. Just over half of children were under one year old and the most common diagnosis was respiratory problems (Table [1](#Tab1){ref-type="table"}). At the time of referral, more than half of the children were already intubated or advice was given to intubate. In 393 of the 424 children (92.7%, Table [1](#Tab1){ref-type="table"}) with the highest PIM2 score category, the PCCT arrived in less than three hours. Similarly, for the 338 children with a diagnosis of trauma, the transport team arrived in less than three hours 90% of the time (*n* = 305, Table [1](#Tab1){ref-type="table"}). Table 1Characteristics of the children and transports included in the primary analysis (*n* = 9116)CharacteristicTotalArrived at the bedside in ≤ 60 min (***n*** = 2654)Arrived at the bedside in 61 to 180 min (***n*** = 5271)Arrived at the bedside in 181+ minutes (***n*** = 1191)**Age, n (%)**  \< 1 year4669 (51.2)1371 (51.7)2685 (50.9)613 (51.5) 1 to \< 5 years2438 (26.7)682 (25.7)1437 (27.3)319 (26.8) 5 to \< 11 years1174 (12.9)344 (13.0)679 (12.9)151 (12.7) 11 to \< 16 years835 (9.2)257 (9.7)470 (8.9)108 (9.1)**Sex of child, n (%)** Male5183 (56.9)1552 (58.5)2962 (56.2)669 (56.2) Female3932 (43.1)1102 (41.5)2308 (43.8)522 (43.8) Unknown1 (\< 0.5)01 (\< 0.1)0**PIM2 score, n (%)**  \< 1%1039 (11.4)314 (11.8)625 (11.9)100 (8.4) 1 to \< 5%4089 (44.9)1104 (41.6)2409 (45.7)576 (48.4) 5 to \< 15%2985 (32.7)845 (31.8)1710 (32.4)430 (36.1) 15 to \< 30%579 (6.4)220 (8.3)305 (5.8)54 (4.5) 30 + %424 (4.7)171 (6.4)222 (4.2)31 (2.6)**Length of stay in PICU (days), median (10th, 90th)**5 (2, 14)5 (2, 15)5 (2, 14)5 (2, 15)**Length of stay in PICU (days), mean (standard deviation)**7.5 (13.2)7.5 (15.1)7.4 (11.6)8.2 (15.2)**Child received multiple transports during the time window of DEPICT, n (%)**775 (8.5)206 (7.8)459 (8.7)110 (9.2)**Parent accompanied the child in the ambulance** Yes6974 (76.5)2188 (82.4)3966 (75.2)820 (68.9) No, parent not present432 (4.7)135 (5.1)237 (4.5)60 (5.0) No, parent declined to accompany1150 (12.6)233 (8.8)713 (13.5)204 (17.1) No, parent not permitted to accompany385 (4.2)41 (1.5)259 (4.9)85 (7.1) Unknown175 (1.9)57 (2.2)96 (1.8)22 (1.9)**Collection area, n (%)** PICU259 (2.8)88 (3.3)127 (2.4)44 (3.7) GICU731 (8.0)45 (1.7)430 (8.2)256 (21.5) NICU822 (9.0)332 (12.5)374 (7.1)116 (9.7) Theatre/Recovery and Theatre1978 (21.7)392 (14.8)1328 (25.2)258 (21.7) X-ray/CT/Endoscopy/A&E2773 (30.4)1084 (40.8)1464 (27.8)225 (18.9) Ward/HDU/Other intermediate area2536 (27.8)710 (26.8)1539 (29.2)287 (24.1) Other/unknown17 (0.2)3 (0.1)9 (0.2)5 (0.4)**Diagnostic group, n (%)** Respiratory4355 (47.8)1102 (41.5)2591 (49.2)662 (55.6) Cardiovascular1310 (14.4)477 (18.0)681 (12.9)152 (12.8) Endocrine219 (2.4)65 (2.5)133 (2.5)21 (1.8) Haem/oncology153 (1.7)56 (2.1)78 (1.5)19 (1.6) Infection820 (9.0)261 (9.8)484 (9.2)75 (6.3) Neurological1505 (16.5)403 (15.2)907 (17.2)195 (16.4) Trauma & accidents338 (3.7)121 (4.6)184 (3.5)33 (2.8) Other416 (4.6)169 (6.4)213 (4.0)34 (2.9)**Ventilated at time of referral call, n (%)** Yes3814 (41.8)1129 (42.5)2109 (40.0)576 (48.6) No (not indicated)2886 (31.7)911 (34.3)1652 (31.1)323 (27.1) No (advised to intubate)2416 (26.5)614 (23.1)1510 (28.7)292 (24.5)**Size of acute hospital (based on transport requests in DEPICT time window), n (%)** Small (\< 50 requests)2274 (25.0)635 (23.9)1308 (24.8)331 (27.8) Medium (50- \< 100 requests)3802 (41.7)1118 (42.1)2129 (40.1)555 (46.6) Large (100+ requests)3040 (33.4)901 (34.0)1834 (34.8)305 (25.6)**Receiving care in a critical care setting at collection organisation, n (%)** Yes1951 (21.4)479 (18.1)1022 (19.4)450 (37.8) No7165 (78.6)2175 (82.0)4249 (80.6)741 (62.2)**Mortality, n (%)** Died within two days of admission278 (3.1)105 (4.0)153 (2.9)20 (1.7) Died in PICU571 (6.3)200 (7.5)316 (6.0)55 (4.6) Died within 30 days of admission645 (7.1)226 (8.5)357 (6.8)62 (5.2) Died within one year of admission949 (10.4)331 (12.5)520 (9.9)98 (8.2)

Time-to-bedside and mortality {#Sec11}
-----------------------------

The majority of children were reached within three hours (\~ 87%, Additional file [1](#MOESM1){ref-type="media"}: Figure 1) and few waited longer than six hours for a team to arrive (*n* = 216, 2.4%). Whilst we planned to exclude any time \> 24 h, the maximum time-to-bedside was \~ 21 h.

After adjustment, there was no evidence that time-to-bedside impacted on the odds of mortality 30 days after PICU admission (Table [2](#Tab2){ref-type="table"}). All confidence intervals for time-to-bedside contained the point of no difference (odds ratio of one) and there was no suggestion of an increasing or decreasing trend of the probability of mortality against time-to-bedside (Fig. [2](#Fig2){ref-type="fig"}). Similar findings were seen for secondary mortality end-points of death in the PICU and at two days, 90 days and one year (Additional file [2](#MOESM2){ref-type="media"}: Figure 2). Table 2Multivariable analyses of the association between time taken to arrive at the bedside and mortality within 30 days admission in children transported by PCCT in England and Wales, accounting for characteristics of the child and their sickness (*n* = 9116)CharacteristicOdds ratio (mortality in 30 days)95% confidence interval (30 days)**Time to arrive at bedside**  ≤ 60 minBaselineBaseline 61 to 90 min1.060.87 to 1.31 91 to 120 min0.840.66 to 1.08 121 to 180 min1.070.91 to 1.26 181+ minutes0.820.66 to 1.02**Age**  \< 1 yearBaselineBaseline 1 to \< 5 years0.960.79 to 1.16 5 to \< 11 years1.401.11 to 1.77 11 to \< 16 years1.240.94 to 1.64**PIM 2**  \< 1%BaselineBaseline 1 to \< 5%2.221.17 to 4.23 5 to \< 15%3.611.98 to 6.60 15 to \< 30%11.315.77 to 22.19 30 + %34.4718.22 to 65.20**Diagnosis** RespiratoryBaselineBaseline Cardiovascular2.411.62 to 3.57 Endocrine2.731.85 to 4.05 Haem/oncology2.591.26 to 5.33 Infection1.731.22 to 2.47 Neurological1.280.76 to 2.16 Trauma and accidents1.310.94 to 1.83 Other1.810.96 to 3.44**Ventilated at referral** No (not indicated)BaselineBaseline Yes1.371.19 to 1.57 No (advised to intubate)0.940.79 to 1.12**Collection unit size** SmallBaselineBaseline Medium1.121.01 to 1.24 Large1.040.88 to 1.23**Receiving critical care** NoBaselineBaseline Yes1.060.90 to 1.25Cluster term is included in the model for the transport organisation, this adjusts the standard errors accordinglyFig. 2Probability of mortality within 30 days of PICU admission by time taken to reach the bedside whilst holding other variables in the model at the mean value

The model performance for the primary analysis was good with AUC: 0.79, Hosmer-Lemeshow test *p* = 0.86 and Briers score of 0.056 indicating good model fit. The impact of missing data was investigated for the primary outcome by re-fitting the models including children excluded due to missing information about ventilation at the time of referral (*n* = 272, Fig. [1](#Fig1){ref-type="fig"}). The model was re-fitted to check the three scenarios where all missing data was related to children who were not intubated; to children who were intubated; and then children where there was advice given to intubate. The conclusions remained unchanged (not presented) for the impact of time-to-bedside on mortality. The model was also re-fitted using the first transport for children who were transported multiple times, and our conclusions remained unchanged (not presented). Similarly, when we included an indicator term for those children who had been transported multiple times and our conclusions around time-to-bedside remained unchanged (not presented).

The impact of time-to-bedside on mortality within 30 days of PICU admission was investigated for pre-selected subgroups of: cardiac/neurological conditions; low/high PIM2 score and transports in summer/winter. The sample size in each sub-analysis was reduced, and thus our power was reduced, but a lack of trend similar to those in the primary analysis was observed (Additional file [3](#MOESM3){ref-type="media"}: Figure 3).

Time-to-bedside and length of stay (LOS)/length of ventilation (LOV) {#Sec12}
--------------------------------------------------------------------

Children were excluded if data were missing related to LOS or LOV (LOS: *n* = 0, LOV: *n* = 1). The incidence rate ratios are provided in Table [3](#Tab3){ref-type="table"} and the expected LOS and LOV against time-to-bedside is provided (Fig. [3](#Fig3){ref-type="fig"}). For LOS there was slight evidence of an increasing trend as time-to-bedside increased with the expected LOS increasing from 7.17 to 7.58 days. There was no apparent trend for LOV with the expected number of days remaining around five days for all groups of time-to-bedside. Similar trends were observed when we conducted a sensitivity analysis by excluding children who died in PICU from the LOS/LOV analysis. Table 3Multivariable analyses of the association between time taken to arrive at the bedside and LOS in PICU (*n* = 9116) or LOV in PICU (*n* = 9115), given the child's characteristics and sicknessCharacteristicIncidence rate ratio (LOS)95% confidence interval (LOS)Incidence rate ratio (LOV)95% confidence interval (LOV)**Time to arrive at bedside**  ≤ 60 minBaselineBaselineBaselineBaseline 61 to 90 min0.980.90 to 1.060.980.90 to 1.06 91 to 120 min1.010.92 to 1.121.000.91 to 1.11 121 to 180 min1.040.96 to 1.131.050.97 to 1.13 181+ minutes1.050.94 to 1.191.020.90 to 1.15**Age**  \< 1 yearBaselineBaselineBaselineBaseline 1 to \< 5 years0.930.84 to 1.020.870.78 to 0.98 5 to \< 11 years0.970.89 to 1.070.830.73 to 0.94 11 to \< 16 years0.960.83 to 1.100.790.64 to 0.99**PIM 2**  \< 1%BaselineBaselineBaselineBaseline 1 to \< 5%1.241.14 to 1.361.321.18 to 1.48 5 to \< 15%1.621.52 to 1.721.821.68 to 1.97 15 to \< 30%2.081.80 to 2.392.402.03 to 2.84 30 + %1.671.37 to 2.032.131.69 to 2.68**Diagnosis** RespiratoryBaselineBaselineBaselineBaseline Cardiovascular0.930.79 to 1.100.770.64 to 0.92 Endocrine0.690.48 to 0.990.580.34 to 0.99 Haem/oncology0.940.55 to 1.620.950.43 to 2.09 Infection0.730.65 to 0.820.720.60 to 0.86 Neurological0.560.47 to 0.670.540.44 to 0.66 Trauma and accidents0.640.39 to 1.040.650.35 to 1.20 Other0.830.67 to 1.040.830.60 to 1.14**Ventilated at referral** No (not indicated)BaselineBaselineBaselineBaseline Yes0.980.89 to 1.081.191.05 to 1.35 No (advised to intubate)0.940.85 to 1.051.111.02 to 1.21**Collection unit size** SmallBaselineBaselineBaselineBaseline Medium0.990.92 to 1.080.970.88 to 1.07 Large0.990.92 to 1.071.000.92 to 1.08**Receiving critical care** NoBaselineBaselineBaselineBaseline Yes1.090.98 to 1.211.060.91 to 1.24Cluster term is included in the model for the transport organisation, this adjusts the standard errors accordinglyFig. 3Expected PICU length of stay and length of ventilation in PICU (days) by time taken to arrive at the bedside whilst holding other variables in the model at the mean value

Discussion {#Sec13}
==========

The optimal trade-off between centralisation and rapid access to specialist care has been a topic of debate. Provision of early, high-quality care is known to improve outcomes in paediatric sepsis and head trauma \[[@CR20], [@CR21]\]. In a single-centre study from Canada, critically ill children transported, by non-specialist teams, from remote hospitals (\> 350 km) had longer PICU and hospital LOS \[[@CR22]\]. In contrast, distance from PICU did not affect risk-adjusted outcomes in studies where a specialist team was used for transport \[[@CR7], [@CR8]\], suggesting that initiation of critical care by PCCTs as soon as they reach the acute hospital may be beneficial. Therefore, it may appear reasonable that earlier arrival of a PCCT may be associated with improved survival.

Centralisation of inter-hospital transport allows for the concentration of expertise and specialist skills, but potentially makes reaching remote hospitals quickly more difficult. In the absence of robust evidence of the impact of centralisation on patient outcomes from either the UK or other international populations, current quality standards for paediatric critical care transport in the UK are based on expert opinion \[[@CR10]\]. In this large retrospective cohort study our primary analysis demonstrated that there was no suggestion that 30-day mortality was associated with time-to-bedside, at least for times below six hours. This finding was replicated for mortality at other time points and in pre-defined subgroups. However, we also noted that there were few children with very high PIM scores who waited a long time for a team to arrive at their bedside. We observed limited evidence of a trend between increasing time-to-bedside and longer PICU LOS.

Our findings have implications for critical care services. First, time-to-bedside targets are met by PCCTs in the majority of cases, particularly for the sickest children \[[@CR5], [@CR6]\]. Second, although we are unable to definitely conclude that the current time-to-bedside target can be relaxed further due to the small numbers of children waiting longer than three hours for a PCCT, we can more confidently suggest that reducing the time target further (e.g. to 1 or 2 h) would not confer a survival benefit, and would involve significant service reconfiguration \[[@CR23]\]. Previous studies have shown that UK hospitals perform a large proportion of critical care interventions before the arrival of the PCCT with the support of general (adult) anaesthetic and critical care teams \[[@CR14]\] and this may be different in other countries. Children are also occasionally cared for in GICUs while awaiting the PCCT. In our cohort, 1951 children were being cared for in an intensive care setting prior to the arrival of the PCCT, and of these \~ 40% were admitted to GICUs prior to transport, although considerable regional variation exists in this practice \[[@CR24]\]. Third, since PICU LOS increased with longer time-to-bedside, the main impact of early arrival of PCCTs, and associated greater physiological stabilisation prior to PICU admission, may be to shorten the time it takes for the child to recover from critical illness. The observed average reduction of half a day in PICU LOS should be considered alongside the fact that median PICU LOS was only five days (mean: 7.5 days).

Strengths and limitations {#Sec14}
-------------------------

The UK is unique internationally in terms of setting national standards for PCCTs and collecting robust transport data through national audit. Our study is therefore the first large scale nationwide study to investigate the impact of time-to-bedside on a critically ill child. The data for this study were from a linked dataset of routine data and whilst there are limitations of using routine data, notably quality and completeness, PICANet is a large national clinical audit collecting data from all UK PICUs with a published ascertainment rate \> 99% \[[@CR6]\]. The level of missing data in this study was very low and sensitivity analyses indicated the impact was minimal. It is likely that the quality of some variables, such as the time when it was agreed the child required paediatric intensive care, may have improved over time. Whilst we selected key confounders carefully, residual confounding may still exist. This may be particularly apparent in the use of the PIM2 score, which may not completely capture the severity of the child's condition. In this work we only considered children who were transported to PICU and did not compare with a control group of children who did not require transport.

We selected 30-day mortality as the primary outcome as this captured deaths in PICU as well as those occurring in other settings including hospices. Whilst it is unlikely that deaths occurring several days after transport will be related to the time-to-bedside, we saw similar results with mortality in shorter timeframes. This work excluded deaths before admission to PICU following a request for transport, although the occurrence of this is low (\< 1%) \[[@CR6]\]. Occasionally children referred for transport by a PCCT are refused due to being time-critical and we were unable to investigate this group which may have poorer outcomes \[[@CR6]\]. PICANet does not collect data on long-term outcomes such as functional status, so it was not possible to investigate this.

Our work has investigated transports in England and Wales, which may be different to other countries, particularly in terms of skills available at hospitals who provide the initial care. Availability of staff trained in advanced paediatric life support during stabilisation of sick children may be one factor that may vary across healthcare systems and potentially affect outcome. Therefore, in other settings, time-to-bedside may matter more, although currently there is no international dataset of paediatric transports of children who require intensive care. Similarly, distance travelled to PICU may be less in the UK than other countries, and the vast majority of transports in England and Wales (\> 95%) are undertaken by road ambulance rather than fixed wing or helicopter \[[@CR6]\].

Finally, the three-hour target may minimise the time local hospitals have to care for critically ill children, potentially impacting on care provision of other patients; the staff experience, as well as the experience of parents waiting for the PCCT to arrive, is being investigated in another DEPICT workstream.

Future work {#Sec15}
-----------

In this study we only considered children who were transported to PICU and in future work we plan to compare these children with those who were admitted directly to PICU. We also plan to investigate the impact of the time taken for a child to reach the PICU, and the critical care interventions they receive from the local hospital and the PCCT before and during transport. Previous research has suggested that stabilisation time does not impact on patient outcome and a larger definitive study needs to investigate this further \[[@CR25]\]. Other workstreams from DEPICT will report on the experiences of children and their families, as well as staff members \[[@CR15]\].

Conclusion {#Sec16}
==========

Time-to-bedside has been a key target for PCCTs to achieve in recent years. This work has demonstrated that there was no association with increased or reduced mortality as time-to-bedside increased. Waiting longer than three hours was unusual and so it was not possible to assess if the target could be relaxed further. This suggests that maintaining the current target to reach the child's bedside is appropriate at this time, although this should be considered in the future alongside parent experience and staff perspectives.

Supplementary information
=========================

 {#Sec18}

**Additional file 1: Figure 1:** Distribution of time taken to reach the bedside in the hospital requesting paediatric transport (*n* = 9116). **Additional file 2: Figure 2:** Mortality in the PICU, in two days, 90 days and within one year of admission against time taken to reach the bedside whilst holding other variables in the model at the mean value. **Additional file 3: Figure 3:** Subgroup analysis for time taken to reach the bedside on mortality within 30 days of admission to PICU. Adjustments are as in the primary analysis.

PICU

:   Paediatric intensive care unit

PCCT

:   Paediatric Critical Care Transport team

PICS

:   Paediatric Intensive Care Society

NHS

:   National Health Service

LOS

:   Length of PICU stay

LOV

:   Length of invasive ventilation on the PICU

PICANet

:   Paediatric Intensive Care Audit Network

GICU

:   General Intensive Care Unit

ICNARC

:   Intensive Care National Audit and Research Centre

PIM2

:   Paediatric Index Mortality 2 score

DAG

:   Directed Acyclic Graph

AUC

:   Area Under the Curve

**Publisher's Note**

Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

Supplementary information
=========================

**Supplementary information** accompanies this paper at 10.1186/s12887-020-02195-6.

We would like to thank Lee Norman (PICANet) and Izabella Orzechowska (ICNARC) for their assistance with the data extraction for this study. We would like to thank PICANet and ICNARC for providing data for this study, and particularly acknowledge the support of the transport teams and paediatric intensive care units that have submitted data used in this study.

PICANet is commissioned by the Healthcare Quality Improvement Partnership (HQIP) as part of the National Clinical Audit and Patient Outcomes Programme (NCAPOP). HQIP is led by a consortium of the Academy of Medical Royal Colleges, the Royal College of Nursing, and National Voices. Its aim is to promote quality improvement in patient outcomes, and in particular, to increase the impact that clinical audit, outcome review programmes and registries have on healthcare quality in England and Wales. HQIP holds the contract to commission, manage, and develop the National Clinical Audit and Patient Outcomes Programme (NCAPOP), comprising around 40 projects covering care provided to people with a wide range of medical, surgical and mental health conditions. The programme is funded by NHS England, the Welsh Government and, with some individual projects, other devolved administrations and crown dependencies www.hqip.org.uk/national-programmes.

PR, SM, CP, FR, JW and ESD conceived the idea for the study and obtained research funding. SES developed the statistical analysis plan which was approved by all authors. SES undertook the statistical analysis, produced the first draft and revisions of the manuscript under the supervision of ESD and PR. Clinical input and interpretation was provided by FR, PD and PR. All authors (SES, PR, PD, EH, SM, CP, FR, JW, and ESD) contributed to the development of ideas for the manuscript, writing of the manuscript and revising it critically before final approval.

This study is funded by the National Institute for Health Research (NIHR) Health Services and Delivery Research programme (project reference 15/136/45). The views expressed are those of the author(s) and not necessarily those of the NIHR or the Department of Health and Social Care. The funder had no role in the design of the study, data collection, analysis, interpretation of data or in the writing of the manuscript.

Data used in this study can be requested directly from NHS Digital, PICANet and ICNARC.

DEPICT has ethical approval from the Health Research Authority, the National Research Ethics Service (London Riverside, reference: 17/LO/1267) and the Confidentiality Advisory Group (reference: 17CAG0129).

Not applicable.

The authors have no conflicts of interest to declare.
